Objective: To compare dietary habits between Finnish twin migrants to Sweden and their co-twins always living in Finland, and to analyse how migration influenced food consumption patterns in the migrants. Subjects/Methods: Same-sexed twin pairs born in Finland below 75 years of age, with at least one twin migrating to Sweden (n ¼ 1083 pairs). Dietary habits were assessed by a food frequency questionnaire included in a comprehensive mailed questionnaire (response rate 71%). For 76 male twin pairs, information was also collected by a dietary history interview inquiring the habitual diet during the previous year. Results: Migrant twins in Sweden had a lower intake of typical Finnish foods like dark bread and berries, and an increased consumption of fresh fruit compared with co-twins living in Finland. The migrants consumed less potatoes and more rice and pasta. Sweet pastries were consumed less often by the migrants and they also tended to more often cut out visible fat of meat and on the other hand add salt to dishes. Among men the migrants had a lower alcohol intake than their co-twins living in Finland. Conclusions: Migration from Finland to Sweden is associated with differences in the food pattern that reflect population differences in eating habits between the two countries. The differences include a reduced consumption of typical Finnish foods like dark bread and berries and are of bidirectional nature from the point of view of cardiovascular health.
Introduction
There are substantial international differences in coronary heart disease mortality and morbidity, with comparatively high rates in northern and Eastern Europe and in the United States, whereas the rates are lower in southern Europe and in Japan (World Health Organization, 2007) . These differences are in general perceived to be predominantly due to environmental factors and have been found to be associated with major known cardiovascular risk factors including smoking, hypertension and dyslipidaemia (Menotti et al., 1993; Kuulasmaa et al., 2000) . In the recent INTERHEART study, dyslipidaemia, smoking, hypertension, diabetes, abdominal obesity, as well as dietary indicators were related to an increased risk of acute myocardial infarction in 52 countries worldwide (Yusuf et al., 2004) . It is likely that differences in eating habits play an important role in the international differences in coronary heart disease (Lock et al., 2005; Kasteloot et al., 2006) .
Long-term international migration is often associated with major changes in environment and behaviour. It has been demonstrated in several studies that the morbidity and mortality pattern of migrant populations tends to shift towards that of the population of the country to which they have migrated. This has been found for coronary heart disease, hypertension, hypercholesterolaemia and cancer (Robertson et al., 1977; Rogot, 1978; Keil et al., 1980; Krupinski, 1984; Rosenthal et al., 1989; Salmond et al., 1989; Green et al., 1991) . Changes in eating habits are likely to be of importance for these changes (Kouris-Blazos et al., 1996; Sharma et al., 1999; Dunham et al., 2004) . Many studies, however, suffer from methodological shortcomings, including crude measurements of eating habits, small numbers and lack of a longitudinal approach, which makes it difficult to evaluate the impact of migration on eating habits and subsequent health outcomes (Landman and Cruickshank, 2001) .
Finland and Sweden are neighbouring countries, but there are substantial differences in health in particular among men. Thus, men in Finland have a higher mortality from all causes and from cardiovascular diseases than men in Sweden. To some extent this could be due to differences in dietary habits. Both Finland and Sweden have a long tradition of nutrition policies, including various initiatives on legislation, food labelling, health claims, public nutrition education and monitoring. Common dietary guidelines were proposed already in the late 1960s, and since 1980 the common Nordic Nutrition Recommendations form an integral part of policies (Nordic Nutrition Recommendations, 2004 ). Both countries have free school lunches. In Sweden the so-called keyhole-labelling scheme was introduced in 1989. This allowed labelling with the green keyhole symbol of reduced-fat alternatives of, for example, dairy products and fibre-rich alternatives of bread and cereals. The scheme was revised in 2005 and now includes more nutritional criteria and product groups (National Food Administration, 2005) . Other initiatives include a national action plan on nutrition in 1996 and an extensive proposal for a revised action plan in 2005 (National Food Administration and National Institute of Public Health, 2005) . In Finland, many of the policy initiatives emanate from the North Karelia Project, with an emphasis on the reduction of the intake of saturated fatty acids and salt. This has resulted in, for example, legislation regarding labelling of the salt content of foods, which has not been the case in Sweden. In Finland consumption of, for example, whole milk decreased more slowly than in Sweden and a shift from butter to soft margarines also occurred later than in Sweden. On the other hand, consumption of cheese was higher in Sweden up to the late 1990s (Becker et al., 2001) .
After the Second World War, there has been a substantial migration from Finland to Sweden, with a peak in the 1970s, resulting in a large population of Finnish-born subjects in Sweden. The migration from Finland to Sweden has been mostly driven by labour migration (Fisher and Straubhaar, 1996; Lainio, 1996) and migrants have often stayed in Sweden for many years. This has provided opportunities for acculturation to a Swedish way of life. Previous studies have indicated that migrants from Finland to Sweden have a reduced risk of coronary heart disease after several years in Sweden (Alfredsson et al., 1982; Hammar et al., 2002) . It is unclear to what extent this may be due to changes in eating habits. An increased waist-hip ratio in men of Finnish origin compared with native Swedes has been reported, while this was not found for women (Lahmann et al., 2000) .
Many studies of diet and eating habits in migrant populations compare the migrants with the native population of the immigration country. One problem in these studies is that migrants often constitute a selected group in terms of health and sociodemographic factors. This makes it difficult to distinguish between the effects of the migration and differences that existed already before the migration. The Finnish Twin Cohort Study includes a rather large number of twin pairs, where one in the pair has permanently moved to Sweden and the co-twin has remained in Finland (Hammar et al., 2002) . Comparisons of differences and changes within these twin pairs reduces problems with comparability, since there is a similarity with regard to genetic factors as well as early childhood factors including socioeconomic conditions and place of birth. Twin pairs share genetic factors completely in monozygotic pairs and as siblings in dizygotic pairs. Most twin pairs grow up together and thereby also share early environment factors. Differences in eating habits between twins of migration-discordant twin pairs are less likely to be explained by genetic or early childhood factors and are more likely to reflect environmental differences in adult life, which for many migrationdiscordant twin pairs means exposure to different countries. The aim of the present study was to compare eating habits in twin pairs of the Finnish Twin Cohort Study, where at least one co-twin of the pair had lived permanently in Sweden, and to analyse how migration may have influenced food consumption patterns in the migrants.
Subjects and methods
The Finnish Twin Cohort Study was established in 1974 and consists of almost all same-sexed twin pairs born in Finland before 1958 and with both twins alive in 1975 (n ¼ 13 888 twin pairs of known zygosity) (Kaprio et al., 1978) . A questionnaire was mailed to all twins in 1975 including questions about health, lifestyle factors, occupation, working conditions and socioeconomic factors. From this cohort almost all twin pairs were identified where at least one twin had migrated to Sweden. These were persons registered at least once in the Finnish central population register as residents in Sweden. Using name and date of birth, Swedish id-numbers were obtained from tax authorities in Sweden and current addresses were obtained, and residence in Sweden was confirmed (Hammar et al., 2002) . These immigrants thus constitute essentially all migrants to Sweden from the Finnish Twin Cohort Study. They represent the whole country of Finland, urban as well as rural areas, and all social classes.
A questionnaire was mailed in 1998 to these migrant twins and non-migrant co-twins in Finland. To be eligible for inclusion in the questionnaire study, subjects had to be at most 75 years old, living in Sweden or in Finland and both twins in the pair had to be alive at the time of the data collection (n ¼ 1083 twin pairs). The questionnaire included questions about family situation, residential history, education, working conditions, health, social support, eating and drinking habits, smoking, physical activity, and for the migrants, questions about life in Sweden. The response rate was 71% for individuals and 61% pairwise for complete twin pairs. For emigrants living in Sweden, the response rate was 75% and for persons living in Finland 68%, including migrants who had returned to Finland. Women had a higher response rate than men (77 versus 66%) and subjects over 50 years of age had a higher response rate than younger subjects (76 versus 67%).
Subjects were defined as emigrants, returnees and nonmigrants, based on migration status in 1998, using selfreported information about residential history from the questionnaire. The questionnaire contained questions on place of birth, place of residence during childhood and all addresses from 15 years of age until 1998. An emigrant was defined as a person living in Sweden in 1998 who had been living in Sweden for at least 1 year. A non-migrant had always lived in Finland. Twin pairs where one twin had moved to Sweden and the co-twin had always remained in Finland are denoted as migration discordant pairs.
Eating habits were assessed by a food frequency questionnaire (FFQ), which consisted of altogether 35 questions. Foodstuffs with comparable nutrient composition were grouped according to Hankin and Wilkens (1994) . The FFQ was developed for this study and was validated against a dietary history interview as described below. The FFQ covered amount and type consumed of a number of foodstuffs and dishes including milk, yoghurt, bread, fat on bread, fat used for cooking and cheese on bread. The frequency of consumption of rice, pasta, sausage, chicken or turkey, other meat, fish, vegetables, potatoes, berries, fresh fruit and sweet pastries was investigated with fixed frequency alternatives (per week or day). Five to six response alternatives were used depending on the foodstuff. Number of glasses of juice and cups of coffee consumed per day was recorded. Detailed questions on type, amount and frequency of alcohol consumption were included in the FFQ. There also were questions concerning the propensity to eat visible fat and to add salt to dishes. On the basis of FFQ, the total amount of fat on bread per day expressed in grams was calculated as follows: the number of all bread slices was multiplied by amount of fat consumed on one bread slice. Intake of alcohol was measured with separate questions on quantity of beer, wine and spirits used during an average week (beer, wine) or month (spirits). The validity and reliability of these self-reports of alcohol use has been reported previously (Romanov et al., 1987) . Quantity was measured on four seven-point scales, with the upper limits defined as consuming 32 cans (50 cl) light and medium strong beer per week for the Swedish questionnaire and 48 bottles (33 cl) per week for the Finnish questionnaire. For both questionnaires the upper limits were defined as consuming 48 bottles (33 cl) of strong beer per week, 10 bottles (75 cl) of wine per week and 20 bottles of spirits per month. For each type of beverage, the reported consumption was converted into grams of alcohol and summed to yield an estimate of total consumption in grams per day. The midpoint of each response category was used for calculations, except for the highest consumption category, for which we used the lower limit in the calculations to obtain a conservative estimate.
A detailed clinical examination was carried out for 76 migrant-discordant male pairs. Inclusion criteria for the clinical examination were that one co-twin had lived permanently in Sweden for at least 20 years and the other co-twin had lived permanently in Finland, age o70 years and no history of cancer (Jartti et al., 2002) . The clinical examination included a dietary history interview. In the dietary history, subjects were asked to describe their habitual diet during the previous year. On the basis of this interview, intake of energy and specific nutrients was calculated using the food composition databases for Sweden and Finland, respectively. A methodological evaluation using nutritional databases for Sweden and Finland, respectively, showed good comparability for most of the examined 30 nutrients between subjects residing in Sweden and Finland (Hakala et al., 2003) . In the present study, we used data from the dietary history interview to compare the consumption of certain food items with the corresponding consumption reported in the food frequency questionnaire. Food items, which have a major importance for public health and which were typically used in Sweden or Finland were selected for comparison to dietary data based on the FFQ. These foods included bread, edible fats, alcohol, milk, fish, rice, pasta, vegetables, fruit, berries and sweet pastries.
The study was approved by the ethical committee at Karolinska Institutet, Stockholm, Sweden.
Statistical analyses
In the statistical analyses, place of birth was categorized in East and West Finland because coronary heart disease mortality is higher in East Finland than in West. This geographical classification has been described previously (Jartti, 2003) . Education was dichotomized into lower education (less than 12 years in school) and higher education (at least 12 years in school). Marital status was categorized into married/living together or not married/not living together. Socioeconomic status was based on a classification of socioeconomic groups used in Swedish censuses, and was categorized as low socioeconomic group for manual workers, lower non-manual employees or self employed with low education and high for intermediate or high non-manual employees, professionals or self employed with high education. This was used for all subjects irrespective of country of residence.
In the analyses of migrant-discordant twin pairs emigrants to Sweden were compared to non-migrant co-twins always living in Finland. These analyses included comparisons of means and estimates of prevalence odds ratios. The analyses of migration-discordant twin pairs included only complete twin pairs. To estimate the prevalence odds ratios, we used conditional logistic regression, crude as well as adjusted, by the procedure LOGISTIC in SAS (version 8). We also carried out analyses of all emigrants and non-migrants where differences in means and prevalence odds ratios were estimated crude and adjusted. These analyses included subjects from complete twin pairs as well as twins from incomplete twin pairs. In order to take into account a possible dependence between individuals within a twin pair we used the procedure LOGISTIC with the cluster option in the statistical package STATA (version 7.0) (Williams, 2000) .
Results
The mean age at the survey in 1998 was 52-53 years in emigrants to Sweden and the non-migrants always living in Finland (Table 1) . Also, the mean body mass index was similar in emigrants and non-migrants in both genders. Emigrants were more often manual workers, but female emigrants had more often a higher education than nonmigrants. Among men, emigrants were more often single, divorced or widower than non-migrants, and those The consumption of the food items selected for comparison between the FFQ and the dietary history was very similar in the twins migrated to Sweden and in their co-twins living in Finland. Therefore, comparisons of intake according to the two methods are presented for all twins (n ¼ 152) who participated in the clinical study. For most food items, there was a good agreement between the FFQ and the dietary history interview ( Table 2 ). The reported amount of fat used on a slice of bread tended to be higher according to the FFQ than to the dietary history. Therefore, the FFQ gave a higher total amount of fat used on bread (difference 14 g per day). The total intake of alcohol tended to be slightly lower according to the FFQ than to the dietary history and the FFQ tended to give a lower estimate of the consumption of berries and sweet pastries.
Male emigrants reported a mean consumption of 6.4 slices of bread per day compared to 7.2 slices in non-migrants (Table 3) . A similar difference was seen in women; 4.4 versus 5.7 slices per day. This reduced consumption of bread in the emigrants was due to a lower intake of dark or brown bread (3.6 versus 5.3 slices per day in men and 2.4 versus 4.2 slices per day in women). White bread and crisp bread were consumed more by the emigrants (2.8 versus 1.9 slices in men, and 2.0 versus 1.5 slices in women; not in table). The amount of fat used on a slice of bread tended to be lower in the emigrants among men but not among women. Male emigrants showed a reduced consumption of light and medium strong beer and of spirits. This was in part balanced by an increased intake of strong beer, but overall there was a lower consumption of alcohol in the emigrants (difference 3.2 g per day). Among women, emigrants had an increased intake of strong beer but showed overall a similar intake of total alcohol as non-migrant women in Finland (difference 0.3 g per day).
Essentially corresponding results were obtained in pairwise analyses of migration-discordant twin pairs (Table 4 ). The observed reduction in consumption of dark or brown bread was of a similar magnitude. The intra-pair difference in alcohol consumption in men also indicated a lower consumption in the emigrant twin taking genetic and early childhood factors into account.
The food consumption pattern differed in a number of additional respects between emigrants to Sweden and nonmigrants always living in Finland (Table 5 ). Among women, about 40% of non-migrants reported never drinking milk, compared with 23% in emigrants and emigrant women more often preferred low fat milk. Low-fat spread on bread was more frequently used in emigrants than in non-migrants, while for low-fat cheese the situation was the reverse, especially among women. Rice and pasta were eaten at least once per week in the emigrants to Sweden more frequently than in non-migrants in Finland, while potatoes were eaten less frequently. Berries were less frequently consumed in Sweden, while fresh fruit tended to be more common. 
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Emigrants to Sweden reported more often that they cut out visible fat of meat, but they appeared to add salt to dishes more often. Similar findings were obtained in pairwise analyses of migration-discordant twin pairs (Table 6 ). Separate analyses of subjects born in North-East or South-West Finland, respectively, as well as of subjects arriving in Sweden before 25 years of age showed essentially corresponding results (data not shown).
Discussion
Our results based on migration-discordant twin pairs indicate that migration from Finland to Sweden has had a major impact on food consumption patterns in emigrants of both genders. This includes a reduced intake of bread, in particular dark bread, an increased consumption of rice and pasta, a reduced intake of potatoes and berries and among men a lower intake of alcohol. These results are in line with expectations, as they are consistent with general differences in dietary habits and alcohol consumption between Finland and Sweden. From the point of view of public health, and in particular with regard to cardiovascular disease, the changes are of mixed nature and with no clear implication in terms of a net effect on risk. Notable in this respect may be the reduced intake of alcohol in men, which may have important health implications although perhaps not primarily a reduced risk of cardiovascular disease (Rimm et al., 1996) .
An important advantage of the present study was the possibility to study differences in eating habits between emigrants and non-migrants in migration-discordant twin pairs. In these comparisons, genetic and early childhood factors are common to emigrants and non-migrants. In addition, we took socioeconomic factors in adulthood into account in the analyses. This is likely to have reduced, but probably not eliminated, bias due to selection into the emigrant group in the comparisons of the present study. Thus, we found that alcohol consumption among men and smoking in both genders was related to subsequent emigration from Finland to Sweden in intra-pair comparisons of migration discordant pairs of this cohort (Silventoinen) .
We recorded eating habits in 1998 only and had no information on corresponding habits before the migration. Most of the emigrants had lived in Sweden for 20 years or more at the time of the completion of the questionnaire, and the differences observed between the emigrants and nonmigrants are consistent with current general differences in eating habits between Finland and Sweden (National Public Health Institute, 1998; Roos and Prättäla, 1999) . It is therefore likely that the differences observed in this study at least in part reflect changes in eating habits related to the migration.
In the present study, we classified migration status and time spent in Sweden on the basis of self-reported data on Table 3 Food consumption patterns according to the questionnaire in 1998 in emigrants and non-migrants Migration and dietary habits N Hammar et al residential history throughout the life course, as well as on information from population registers in Finland and Sweden. The population registers provide reliable information on migration and place of residence, and we found in general a good correspondence between register information and questionnaire data regarding residential history. It is possible that some migrants were missed, but these are likely to be few and with a comparatively short stay in Sweden, since a registered address is of importance for employment and use of social services. The overall response rate to the questionnaire was 71% and with a somewhat lower participation among subjects always living in Finland. Persons with low education and low socioeconomic status tend to be less likely to participate in surveys. If there were major differences in eating habits between subjects with different education and socioeconomic position in Finland, this may have introduced a bias in our results (Becker and Pearson, 2002) .
The food consumption data collected by the FFQ and dietary history methods corresponded well to each other concerning most of the evaluated food items. An exception was fat used on bread showing a clearly greater amount according to the FFQ than the dietary history. One reason for this may be that the amount of fat was more difficult to estimate on the basis of the small black-and-white pictures (fat on bread) in the FFQ, compared with the multicolored and larger pictures used in the interview. However, because the relative difference between the methods was similar among the migrants and non-migrants, this is not likely to bias comparisons between these groups based on the FFQ in the present study (Hakala et al., 2003) .
The possible health consequences of the changes in dietary pattern related to the migration from Finland to Sweden indicated by this study are difficult to determine and are probably bidirectional. Notably, there was no difference in BMI between emigrants and non-migrants, which may indicate that with regard to relative weight the changes in eating habits related to the migration balanced each other. In both genders there appear to have been a reduction in typical Finnish foodstuffs such as dark bread and berries. There has also been a shift from a diet with potatoes as a frequent ingredient to more pasta and rice. A more healthy dietary behaviour in the migrant group was indicated by an increased intake of fresh fruit, less sweet pastries, a more frequent cutting out of visible fat and among men a lower intake of alcohol. The reduced intake of alcohol was mainly due to a reduction in intake of light and medium strong beer, which may be associated with a lower intake of total calories. The difference in the intake of medium strong beer is most likely due to the reason that this type of beer is sold in any grocery store in Finland, but only in special shops for alcoholic beverages in Sweden. A less healthy eating behaviour was indicated by a greater propensity to add salt to dishes in the emigrant group. A high consumption of salt is associated with an increased risk of high blood pressure. In the clinical examination, co-twins living permanently for at least 20 years in Sweden had a higher diastolic blood pressure and a tendency towards more hypertension than co-twins living in Finland (Jartti et al., 2002) . Frequent consumption of whole-grain cereals including rye has in epidemiological studies been associated with a reduced risk for cardiovascular disease (Truswell, 2002) . There is also strong evidence to suggest that eating a variety of whole-grain food is beneficial in the prevention and management of type 2 diabetes (Venn and Mann, 2004; Montonen, 2005) . There are, however, limited data on the specific effects of rye. The lower intake of Migration and dietary habits N Hammar et al the typical Finnish whole-grain rye bread among the migrants may therefore be less favourable. In addition, in Finland 'prudent' dietary patterns, characterized by higher consumption of fruits, berries and vegetables were associated with a reduced risk of type 2 diabetes during a 10-year follow-up (Montonen, 2005) , but the data concerning specific effects of berries are limited. In general, our results indicate major differences in eating habits between migrants and co-twins living in Finland in line with known differences between Sweden and Finland. This is consistent with previous migrant studies showing a major impact on behavioural factors and health by international migration (Robertson et al., 1977; Rogot, 1978; Keil et al., 1980; Krupinski, 1984; Rosenthal et al., 1989; Salmond et al., 1989; Green et al., 1991) , and suggest that dietary factors may play an important role in this context. Emigrants from Finland to Sweden have been found to have an increased risk of cardiovascular disease compared with native Swedes (Sundquist and Johansson, 1997; Gadd et al., 2003) . It is likely that eating habits in Finland that contribute to the comparatively high incidence of coronary heart disease continue to influence the risk in emigrants for many years after migration to Sweden. Our results indicate major changes in eating habits related to the migration, but in view of the bidirectional nature from the point of view of cardiovascular health, the net effect is difficult to determine. Type of fat on bread Low fat (40% or 60%) spread 2.1 1.2-3.8 1.9 1.0-3.8 1.5 0.9-2.6 2.0 1.1-3.8 Fat used in cooking:
Vegetable oil or liquid margarine 1.9 1.0-3.7 1.7 0.9-3.5 1.5 0.9-2.6 1.4 0.7-2.5
Type of cheese on bread In conclusion, this study shows substantial differences in food consumption patterns between migrant twins living in Sweden and co-twins residing in Finland. These differences at least in part reflect differences in food habits between the populations of Sweden and Finland. To the extent that differences in eating habits contribute to health differences between the two countries, it is likely that this on a longterm basis will be reflected in the health of the migrants.
